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^:ame of Document] SPECIFICATION 
[Title of the Invention] 

Liquid Crystal Display Apparatus and Liquid Crystal Display Device 
[Claims] 
[Claim 1] 

A liquid crystal display apparatus comprising: 

a liquid crystal display device having a liquid crystal panel, a first polarizing 
filter, arranged on the front surface of said liquid crystal panel and a second polarizing 
filter arranged on the back side of said liquid crystal panel, said liquid crystal panel 
including a pair of transparent electrode plates and liquid crystals sealed therein; 

a first light source arranged on the back side of said liquid crystal display 
device, said first light source having a polarizing filter unit for the right eye and a 
polarizing filter unit for the left eye, said polarizing filter unit for the right eye and 
a polarizing filter unit for the left eye having respective different directions of 
polarization and being fixedly mounted on left and right portions on a front surface 
thereof; 

optical means arranged on the back side of said liquid crystal display device 
for collecting the illuminating light from said light source for illuminating the so- 
collected light on said liquid crystal display device; 

a second light source arranged on the front side of said liquid crystal display 
device for illuminating the light on the head of a viewer; 
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light receiving devices arranged on the front sides of said polarizing filter unit 
for the right eye and the polarizing filter unit for the left eye at a preset spacing 
therefrom; and 

position control means for processing and comparing the volumes of the 
received light in said light receiving devices to control the position of said first light 
source in the left-and^ight direction; wherein 

the image information for the right eye and that for the left eye are alternately 
displayed on said liquid crystal panel every horizontal line in agreement with light 
transmitting lines in said first and second polarizing filters; the light illuminated from 
said polarizing filter unit for the right eye is incident on the right eye of the user 
through said liquid crystal display device, the light illuminated from said polarizing 
filter unit for the left eye is incident on the left eye of the user through said liquid 
crystal display device, independently of the light from said first light source through 
said polarizing filter unit for the right eye; the volume of light illuminated from said 
second light source and reflected by the head of the user is sensed by said light 
receiving devices to detect the movement in the left-and^ight direction of the head 
of the viewer; causing automatic movement of the position of the first light source in 
the left-and^ight direction in agreement with the detected movement. 
[Claim 2] 

The liquid crystal display apparatus according to claim 1 wherein said first and 
second polarizing filters each include two linear polarizing filter lines, perpendicular 
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to each other, every horizontal line of said liquid crystal panel, and wherein the facing 
linear polarizing filter lines of said first and second polarizing filters are formed in 
polarizing directions perpendicular to each other. 
[Claim 3] 

The liquid crystal display apparatus according to claim 1 wherein said first and 
second polarizing filters are linear filters having the same polarizing directions over 
the entire surfaces thereof but being perpendicular to each other, and wherein half 
wave plates are provided every other horizontal line of the liquid crystal panel in said 
second linear polarizing filter. 
[Claim 4] 

The liquid crystal display apparatus according to claim 1 wherein said second 
polarizing filter includes mutually perpendicular linear polarizing filter lines 
alternately arranged every horizontal line of said liquid crystal panel; 

said first polarizing filter being formed by a linear polarizing filter of the same 
direction as the direction of one of said linear polarizing filter unit of said second 
polarizing filter; and wherein 

the driving states of said liquid crystal panel for one horizontal lines having the 
same direction of polarization of said first and second polarizing filters are set 
reversely. 
[Claim 5] 

The liquid crystal display apparatus according to claim 1 wherein, in said 
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position control means, the polarizing filter unit for the right eye and the polarizing 
filter unit for the left eye are arranged as a plural number of strip-shaped Brewster 
angle variable type polarizing devices to vary the boundary positions of the mutually 
perpendicular Brewster angles. 
[Claim 6] 

The liquid crystal display apparatus according to claim 1 wherein, in said 
position control means includes a motor for causing movement of said first light 
source. 
[Claim 7] 

A liquid crystal display device comprising: 
first image separating means; and 

second image separating means which is clamped by two substrates and 
arranged next to pixels. 
[Claim 8] 

The liquid crystal display device according to claim 7 wherein said second 
image separating means are independent from one horizontal line to another. 
[Claim 9] 

The liquid crystal display device according to claim 7 wherein said first and 
second image separating means are linear filters having the same polarizing 
directions over the entire surfaces thereof but being perpendicular to each other, and 
wherein half wave plates are provided every other horizontal line in said second 



polarizing filter. 
[Claim 10] 

The liquid crystal display device according to claim 7 wherein said second 
image separating means includes mutually perpendicular linear polarizing filter lines 
alternately arranged every horizontal line of said light modulating means; 

said first image separating means being formed by a linear polarizing filter of 
the same direction as the direction of one of said linear polarizing filter lines of said 
second image separating means; and wherein 

the driving states of said pixels for one horizontal lines having the same 
direction of polarization of said first and second image separating means are set 
reversely. 
[Claim 11] 

The liquid crystal display device according to claim 10 wherein said second 
image separating means includes an orientation layer and a layer containing a 
polarizing device, said polarizer containing layer being deposited on said layer. 
[Claim 12] 

The liquid crystal display device according to claim 1 1 wherein said polarizing 
device is dichromic molecules. 
[Claim 13] 

The liquid crystal display device according to claim 12 wherein said dichromic 
molecules are density transition type liquid crystals. 
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[Claim 14] 

The liquid crystal display device according to claim 7 wherein said second 
image separating means is constructed by alternately arranging layers with a circular 
polarization separating device having respective different twist directions from one 
horizontal line to another, with a quarter wave plate being arranged on the front side 
of said layer; 

said first image separating means is formed by a linear polarizing filter having 
the same direction as the direction of one linear polarized light passed through said 
second image separating means; and wherein 

the driving state of said pixels are reversely set for horizontal lines for which 
the direction of polarization of linear light transmitted through said second image 
separating means is coincident with the first image separating means. 
[Claim 15] 

The liquid crystal display device according to claim 14 wherein circular 
polarized light separating device is cholesteric liquid crystals. 
[Detailed description of the invention] 
[0001] 

[Technical field of the invention] 

This invention relates to a liquid crystal display apparatus with which a 
recorded picture having the stereoscopic information may be viewed as a three- 
dimensional picture, or a so-called stereo image, using a liquid crystal display, 
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without employing special glasses. 

[0002] 

[Prior Art] 

Up to now, various techniques of representing an image three-dimensionally 
were developed, and the representing methods for three-dimensional images were 
researched and put to use in many fields, such as photography, cinema or television. 
The methods for demonstrating a three-dimensional image may be classified into a 
method employing glasses and a method not employing them. 
[0003] 

Typical of the system employing glasses are an anaglyphic system in which a 
viewer wears so-called red glasses or blue glasses, and a system in which a viewer 
wears polarizing glasses. With these systems, an image presenting parallax is input 
to left and right eyes of a user whereby the viewer may see the image as a stereo 
image. With these systems, however, the viewer needs to wear glasses, and they feel 
cumbersome. 
[0004] 

On the other hand, a 3D (three-dimensional) display apparatus of the lenticular 
system or the parallax barrier system is already in the stage of practical application. 
There is an advantage that a use does not have to employ glasses in these systems. 
However, an area that permits stereo vision is extremely narrow in the transverse 
direction and is iseveral cm, so that limitations are perpetually imposed on user head 
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positions. Accordingly, the user might feel more uncomfortable than those who 

employ glasses. 

[0005] 

So, such a back light splitting system, disclosed in the Japanese Laying-Open 
Patent Publication H-10-63199, has been proposed as a liquid crystal apparatus in 
which the stereo image is not impaired even if the user viewing position is slightly 
offset in the left and right directions with respect to a liquid crystal display screen, and 
in which the stereo image can be appreciated as the horizontal resolution proper to the 
liquid crystal display device is maintained. 
[0006] 

The back light splitting system is hereinafter explained. A back light of a 
routine liquid crystal device is arranged at back of the liquid crystal panel with planar 
illumination, having an equivalent area to the panel area, in intimate contact with the 
liquid crystal panel, so that non-directive light is incident on the user's left and right 
eyes. In the back light splitting system, as contrasted to that, two back lights, having 
an appreciably smaller area than a liquid crystal panel, are separately arranged for left 
and right eyes at the positions spaced apart from the liquid crystal panel a distance 
slightly larger than the focal length of a convex lens, having a diameter approximately 
equal to that of the display screen, to take advantage of the directivity of the convex 
lens. 
[0007] 
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Fig. 23 shows a display apparatus of a point light source system disclosed in 
Patent No.2679176. A light beam illuminated from a point light source 41 to traverse 
a convex lens 42 is refracted by the convex lens 42 and converged at a point 
corresponding to a light converging point 43. If an eye is at the site of the light 
converging point, the convex lens 42 in its entirety shines brightly so as to serve as 
a back light for a display screen 44 placed in a near-by position. 
[0008] 

Fig.24 is a plan view for a case where the point light source is replaced by a 
light source for a right eye. In such case, the light beam acts as if it is of the same 
component as the light beam emitted from the point light source 41 and lights the 
entire surface of the convex lens 42 to then fall on a right eye 46. Similarly, the 
spatial light source by the light source causes a light source image area to be 
presented backward of the lens. As long as the viewer's eye is at this area, the convex 
lens 42 is lighted brightly uniformly so as to serve as a back light for the display 
screen 44 placed thereat. If this is applied to left and right eyes, the light source 
image areas, optimized for each eyes, that is a light source image area for a right eye 
48 and a light source image area for a left eye 49, by two light sources arranged with 
a center axis of the convex lens 42 as the boundary, that is a by surface light source 
45 for the right eye and by a surface light source 47 for the left eye, are formed, as 
shown in Fig. 25. 
[0009] 
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Figs. 26 and 27 schematically show the state in which the light emitted from 
back lights, is sorted by a line-based polarization filter 52 to fall on the right and left 
eyes. In this case, the surface light source 47 for the left eye having a leftward 
descending Brewster angle is first directed to the left eye 50 due to the directivity of 
a Fresnel lens 5 1 . Then, only the image information for the left eye of an even line 
54, having a coincident Brewster angle , falls on the left eye 50 by the line-based 
polarization filter 52. The image information for the right eye also falls on the right 
eye 46 going through the same process from the surface light source 45 for the right 
eye. The left and right parallax information, represented on the even line 54 and the 
odd line 53 of liquid crystal screen, fall on lying before the liquid crystal screen to 
become fused in the user's brain so as to be perceived as a stereo image. 
[0010] 

[Problems to be Solved by the Invention] 

In this case, however, there is presented a problem that, since the left and right 
parallax information are split at a center of the screen, the same image is incident on 
both eyes if a viewer moves his or her head in the left and right, so that the both eyes 
enter one area, with the result that the image becomes a two-dimensional image to 
render the stereo vision impossible. On the other hand, if a 3D display apparatus is 
formed by polarizing filters 55, 56, glass substrates 57, 58, a half-wave plate 59, a 
color filter 60, a display screen 6 1 , a protective film 62 and a transparent electrode 63, 
that is in a system in which the polarizing filter is formed on the glass plate on the 
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light incident side of the surface light source, the image information on a line which 
inherently should not be visible is superposed as crosstalk on the inherent image 
information if the line of sight of the viewer is in the direction indicated by a dotted 
line arrow in Fig. 28, thus producing a stereo image extremely difficult to view. It 
should be noted that, since the vertical pitch of a 10.4-inch SVGA (600 by 800 pixels) 
is 0.264 mm, the light beam traversing a polarizing filter on a glass plate 1mm in 
thickness, if deviated ±15 degrees, becomes wholly the illumination for the adjacent 
line, so that a stereo image having the convex and concave relation inverted is 
viewed. Even if the angle of offsetting is less than ±15 degrees, the degree of 
freedom in the vertical direction is well^iigh lost due to crosstalk. Thus, in the 
absence of the compensation for the difference in the seated height or in the elevation 
angle of the display surface, more constraint than that experienced in the left and right 
direction is imposed. 
[0011] 

For coping with this inconvenience, a variety of techniques have been 
proposed which detect the head position of the viewer to control an area allowing for 
stereo vision in accordance with detected results. For example, as methods for 
detecting the viewer's head position, there are known such a method consisting in 
loading a magnetic sensor on the head and such a method consisting in using a video 
camera to detect the head image. However, with these methods, the viewer may feel 
that a foreign object set on his or her head is cumbersome and the cost of the product 
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is raised. So, there has as yet not been introduced a handy, without wearing glasses, 
3D liquid crystal display apparatus in which the viewer is able to enjoy an optimum 
stereo image when he or she simply sits before a display surface, even though he or 
she moves his or her head slightly in the vertical and/or left and right directions. 
[0012] 

In view of the above-described conventional status of the art, it is an object of 
the present invention to provide a liquid crystal display apparatus and liquid crystal 
display device in which a stereo image is not impaired and hence a high precision 
stereo image can be enjoyed even if the viewing position of the viewer is deviated 
slightly in the vertical and/or left and right directions with respect to the liquid crystal 
display surface. 
[0013] 

[Means to Solve the Problem] 

The present invention provides a liquid crystal display apparatus including a 
liquid crystal panel, a first polarizing filter arranged on the front surface of the liquid 
crystal panel and a second polarizing filter arranged on the back side of the liquid 
crystal panel, the light modulating means including a pair of transparent electrode 
plates and liquid crystals sealed therein, a first light source arranged on the back side 
of the liquid crystal display device, the first light source having a polarizing filter unit 
for the right eye and a polarizing filter unit for the left eye, the polarizing filter unit 
for the right eye and a polarizing filter unit for the left eye having respective different 
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directions of polarization and being fixedly mounted on left and right portions on a 
front surface thereof, optical means arranged on the back side of the liquid crystal 
display device for collecting the illuminating light from the light source for 
illuminating the so-collected light on the liquid crystal display device, a second light 
source arranged on the front side of the liquid crystal display device for illuminating 
the light on the head of a viewer, light receiving devices arranged on the front sides 
of the polarizing filter unit for the right eye and the polarizing filter unit for the left 
eye at a preset spacing therefrom, and position control means for processing and 
comparing the volumes of the received light in the light receiving devices to control 
the position of the first light source in the left-and^ight direction, and the image 
information for the right eye and that for the left eye are alternately displayed on the 
liquid crystal panel every horizontal line in agreement with light transmitting lines in 
the first and second polarizing filters, the light illuminated from the first light source 
through the polarizing filter unit for the right eye is incident on the right eye of the 
user through the liquid crystal display device, the light illuminated from the first light 
source through the polarizing filter unit for the left eye is incident on the left eye of 
the user through the liquid crystal display device, independently of the light from the 
first light source through the polarizing filter unit for the right eye. The volume of 
light illuminated from the second light source and reflected by the head of the user is 
sensed by the light receiving devices to detect the movement in the left-and-right 
direction of the head of the viewer. The position control means causes automatic 
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movement of the position of the first light source in the left-and-right direction in 

agreement with the detected movement. 

[0014] 

That is 5 in the liquid crystal display apparatus, according to the present 
invention, the light from the polarizing filter for the right eye is transmitted only 
through every other line on which an image for the right eye is projected to fall on the 
right eye of the viewer, whilst the light from the polarizing filter for the left eye is 
transmitted only through every other line on which an image for the left eye is 
projected to fall on the left eye of the viewer, so that a stereo image may be viewed 
due to three-dimensional perception derived from the parallax between the two eyes. 
So, a regular stereo image may be viewed within the ranges of the stereo vison areas 
of the left and right eyes. 
[0015] 

The light illuminated from the second light source and reflected by the viewer's 
head is perceived by the light receiving device to sense the movement in the left-and- 
right direction of the viewer's head to cause the first light source position to be 
automatically shifted in the left-and^-ight direction in keeping with the movements 
of the viewer's head. 
[0016] 

Since the light receiving device is fixedly mounted on the first light source, the 
light receiving device is moved with movement of the first light source. The 
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movement of the first light source ceases when the light receiving device gets to the 
preset position. Thus, even if the viewer's head is moved in the left-and^ight 
direction, the viewer head position is automatically tracked to cause the stereo vision 
area to be moved to a proper position for appreciating the stereo vision image. 
[0017] 

On every other horizontal line of the liquid crystal panel, the image for the 
right eye and that for the left eye are projected. So, the totality of the images for the 
right and left eyes are directly incident selectively on the right and left eyes of the 
viewer, thus not detracting from the horizontal resolution. 
[0018] 

The present invention provides a liquid crystal display device including first 
image separating means, and second image separating means which is clamped by 
two substrates and arranged next to pixels. 
[0019] 

That is, in the liquid crystal display device according to the present invention, 
in which the second image separating means is arranged next to the pixels, the 
distance between the pixels and the image separating means becomes shorter. The 
result is that the image information on a line which inherently should not be visible 
due to the distance between the pixels and the image separating means may be 
prevented from entering the eye as cross-talk in superimposition on the inherent 
image information. 
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[0020] 

[Best Mode for Carrying out the Invention] 

Referring to the drawings, preferred embodiments of the present invention will 
be explained in detail. The present invention is not limited to the embodiments, now 
explained, but may be modified without departing from its scope. 
[0021] 

First Embodiment 

Fig.l is a schematic plan view showing a liquid crystal display apparatus 
embodying the present invention. 
[0022] 

First, the structure of the liquid crystal display apparatus is explained. On the 
back surface of a liquid crystal display device 1, a Fresnel lens 2 formed of a convex 
lens, as optical means, is arranged at a preset distance therefrom. 
[0023] 

On the back side of the Fresnel lens 2, there is mounted, at a preset distance 
from a Fresnel lens 2, a back light 3, as a light source for illuminating the liquid 
crystal display device 1 from its back side. On the front side of this back light 3, that 
is, on its irradiated side, there are fixedly mounted a polarizing filter unit for a right 
eye 4 and a polarizing filter unit for a left eye 5 on, which are arranged with the 
center of the back light 3 as a boundary. The polarizing filter unit for a right eye 4 
and the polarizing filter unit for a left eye 5 are arranged as linear polarizing filters, 
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having the directions of polarization extending at right angles to each other. Here, the 
linear polarizing filters are formed of a rightward ascending plane of polarization a 
leftward ascending plane of polarization. 
[0024] 

On the front sides, that is the light irradiated sides, of the polarizing filter unit 
for a right eye 4 and the polarizing filter unit for a left eye 5, there are arranged left 
and right light receiving devices 6, 6 at approximately equal distances from the 
boundary between the polarizing filter unit for a right eye 4 and the polarizing filter 
unit for a left eye 5 for receiving the reflected light from an infrared LED as a head 
followup light source. To receiving devices 6 is connected a back light position 
controller not shown in Figs. The back light position controller, as shown in Fig. 2, 
is made up of a preamplifier 7, an amplifier 8, a differential amplifier 9 and a 
forward/reverse inverting driving circuit 10. To this forward/reverse inverting driving 
circuit 10 is connected back light movement means, such as a motor 11. In the back 
light position controller, the volumes of reflected light received by the left and right 
light receiving devices 6 are amplified and input to a differential amplifier 9, which 
then compares the volumes of the input light to the left and right light receiving 
devices 6 to output a difference there between as data to the forward/reverse inverting 
driving circuit 10. Based on this data, the forward/reverse inverting driving circuit 
10 issues a command of shifting the position of the back light to back light position 
shifting means. 
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[0025] 

On the front surface of the liquid crystal display device 1 , there is mounted e.g., 
an infrared LED 12, as a head position folio wup light source, at a preset distance from 
the liquid crystal display device. The infrared LED 12 illuminates the head position 
folio wup infrared light to a viewer 13. 
[0026] 

The liquid crystal display device 1 is of the light transmitting type and, as 
shown in Fig. 3, includes a liquid crystal panel 14, as later explained, a first 
polarization filter 15 arranged on the front surface of the liquid crystal panel 14, that 
is towards the viewer 13, and a second polarization filter 16, arranged on the back 
side of the liquid crystal panel 14, that is towards the back light 3. The liquid crystal 
panel 14 includes liquid crystals twisted 90° in a pair of orientation films. If no 
voltage is applied across a pair of the orientation films, the incident light is radiated 
as it is rotated through 90° and, if voltage is applied across a pair of the orientation 
films, the incident light is directly radiated, without rotating the incident light. The 
first and second polarizing filters 15, 16 are constructed and arranged so that 
rightward ascending linear polarizing filter line and leftward ascending linear 
polarizing filter line, extending at right angles to each other, are arranged alternately 
every horizontal line of the liquid crystal panel 14, and so that the polarization 
directions of the rightward ascending linear polarizing filter 15 and the leftward 
ascending polarizing filer lines of the first and second polarizing filters 15,16 extend 

18 



at right angles. So, the light emitted by the back light 3 and which has traversed the 
polarizing filter unit for a right eye 4 and the polarizing filter unit for a left eye 5 are 
incident only at the rightward ascending linear polarizing filter line and at the leftward 
ascending linear polarizing filter line of the same polarization plane, the light is 
incident every other horizontal line, with the incident light being transmitted or 
interrupted when voltage is not applied to or applied to the liquid crystal panel 14, 
respectively. 
[0027] 

The liquid crystal panel 14 of the liquid crystal display device 1 is constructed 
and designed so that the image information for right eye and that for left eye are 
demonstrated alternatively in agreement with the light transmitting lines of the two 
polarizing filters 15, 16. 
[0028] 

The operation of the above-described configuration is hereinafter explained. 
The light emitted by the back light 3 and transmitted through the polarizing filter unit 
for a right eye 4 traverses the Fresnel lens 2 and, when it gets to the liquid crystal 
display device 1, it is incident only at the rightward ascending linear polarizing filter 
line, every other horizontal line, having the same polarization plane as that of the 
polarizing filter unit for a right eye 4. The light incident every other horizontal line 
is radiated depending on the driving state of the liquid crystal panel 14, with the 
radiated light being illuminated only in the right eye zone of the viewer 1 3 . The light 
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emitted by the back light 3 and transmitted through the polarizing filter unit for a left 
eye 5 gets only to the liquid crystal display device 1 in the same way as above 
described to fall only at the leftward ascending linear polarizing filter line, every other 
horizontal line, having the same polarization plane as the polarizing filter unit for a 
left eye 5. The light thus incident every other horizontal line, although the line is a 
different line from said line, is radiated depending on the driving state of the liquid 
crystal panel, with the radiated light being illuminated only in the left eye zone for the 
viewer. 
[0029] 

In the liquid crystal panel 14, an image for the right eye and that for the left eye 
are displayed every other horizontal line in keeping with the light transmitting lines 
of the first and second polarizing filters 15, 16, so that, if the viewer 13 views the 
liquid crystal display device 1 in the stereo vision area, only the image for the right 
eye is incident on the right eye, whilst only the image for the left eye is incident on 
the left eye, respectively independently of each other. Thus, the viewer may see the 
image as a stereo image by three-dimensional perception derived form the parallax. 
[0030] 

The stereo vision area is now explained. Referring to Fig.4, the light source 
surface of the back light 3 for a right eye, forms a real image 17, by the Fresnel lens 
2, as an image of the light source. In effect, the light source area as a space is present 
as a light source area. If the right eye is positioned in this area, the entire area of the 
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Fresnel lens 2 is illuminated homogeneously. For the back light 3 for a left eye is 
arranged, a similar light source area and a light source area as a space are present, so 
that, on the whole, a stereo vision area 18 shown in Fig.4 is formed. As may be seen 
from Fig.4, an area which permits proper light incidence on the left and right eyes is 
limited, so that, if the left and right eyes are off from the respective stereo vision areas 
18, the balance in the parallax is disturbed so that the image cannot be seen as a stereo 
image based on the three-dimensional perception. So, according to the present 
invention, if the angle in the directions with which the viewer sees the liquid crystal 
display surface, that is if the eye of the viewer is off from the stereo vision areas 18, 
the relative position between the viewer 1 3 and the back light 3 with the liquid crystal 
display device 1 in-between is automatically adjusted, by way of correcting the angle 
of field of view, to assure automatic simplified correction of the stereo vision areas 
18 to high accuracy. 
[0031] 

The automatic correction of the relative position between the viewer 1 3 and the 
back light 3, with the interposition of the liquid crystal display device 1 , is hereinafter 
explained. According to the present invention, an infrared LED 12, for example, is 
used as a light source for sensing the relative position between the viewer 1 3 and the 
back light 3, with the interposition of the liquid crystal display device 1 . The infrared 
LED 12 is arranged between the liquid crystal display device 1 and the viewer 13, 
and, when seen from above, the infrared LED 12 is arranged in the position where the 
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infrared LED 12 emits the infrared light to the head of the viewer 13. The light, 
illuminated from th infrared LED 12 to the viewer 13, impinges on the head of the 
user 13, so as to be reflected thereby to travel through the Fresnel lens 2 in a direction 
opposite to the direction of the light illuminated from the back light 3, that is in a 
direction proceeding from the viewer 13 towards the back light 3, to form an image 
on the back surface of the liquid crystal display device 1. The light reflected by the 
infrared LED 12 is received by the two light receiving devices 6 arranged on the front 
sides of the polarizing filter unit for the right eye 4 and the polarizing filter unit for 
the left eye 5, that is on the light illuminating side. The arraying positions of the light 
receiving devices 6 are proximate to the polarizing filter unit for the right eye 4 and 
the polarizing filter unit for the left eye 5 at approximately equal positions in the left 
and right direction from the boundary of the polarizing filter unit for the right eye 4 
and the polarizing filter unit for the left eye 5. The distance between the light 
receiving devices 6 may be optionally set depending on operating conditions, such 
as the size of the liquid crystal display apparatus. 
[0032] 

If, for example, the optimum position of the viewer 1 3 appreciating the 8.4 inch 
liquid crystal display surface is 50 cm from the Fresnel lens 2, and if the approximate 
parallel surface of the head of the viewer 13 is 12 cm, as shown in Fig. 5, the light 
illuminated by the infrared LED 12 and reflected by the head of the viewer 13 forms 
an image 37.2 mm in width at a site on the back surface side of the Fresnel lens 2 
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which is 15.5 cm apart from the Fresnel lens 2. If, for example, the receiving devices 
6 are arranged on the back surface of the Fresnel lens 2 at a position 14 cm apart 
from the Fresnel lens 2, the image of the head is blurred along its boundary line 33 
mm in width. At this position, the two left and right light receiving devices 6 are 
receiving the reflected light homogeneously. 
[0033] 

The width of the image of the head part is varied with the position in the fore- 
and-aft direction of the head, that is with the distance from the Fresnel lens 2. If, for 
example, the head of the viewer 13 is off 75 cm from the Fresnel lens 2, the image of 
the head becomes an image 22.4 mm in width at the position of the light receiving 
devices 6. In this case, the head itself is not planar and hence the neighborhood of the 
image is blurred. 
[0034] 

So, the interval between the left and right light receiving devices 6 is set to 
approximately 25 mm. By so setting, the two left and right light receiving devices 6 
are uniformly receiving the infrared light reflected by the infrared LED 12. 
[0035] 

Fig. 6 shows an optimum state for appreciating a stereo image, that is a state in 
which the image of the head is evenly formed with respect to the two left and right 
light receiving devices 6. In such state, the head of the viewer 13 and the center of 
the Fresnel lens 2, that is the center position of the receiving devices 6, when viewed 
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from above, are arrayed on a straight line. 
[0036] 

Then, if the head is moved leftward towards the Fresnel lens 2 by the 
movement of the viewer 13, such that the image of the head is moved rightward 
towards the Fresnel lens 2 due to movement of the viewer 13, there is produced a 
level difference in the volumes of the light received by the two left and right light 
receiving devices 6, as shown in Fig.7. The forward/reverse inverting driving circuit 
of the back light position controller is preset so that, if the level difference is produced 
in the received light volumes in the two light receiving devices 6, a command is 
issued to cause movement of the back light 3 in the direction towards that one of the 
two light receiving devices having a larger volume of the received light, that is in a 
direction of movement of the image of the head. In the present case, since the image 
of the head has been moved leftwards towards the Fresnel lens 2 and the light 
receiving device 6 lying leftwards towards the Fresnel lens 2 is receiving more light, 
the forward/reverse inverting driving circuit 10 of the back light position controller 
issues a command signal for causing leftward movement of the back light 3 towards 
the Fresnel lens 2, whereby the back light 3 is moved leftwards as viewed towards the 
Fresnel lens 2. The light receiving devices 6 are arranged for performing the 
movement in unison with the back light 3 so that the receiving devices 6 are also 
moved leftwards towards the Fresnel lens 2, along with the back light 3. So, and the 
light receiving devices 6 and the back light 3 are moved as far as a position in which 
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the levels of the received light volumes in the left and right light receiving devices 6 
equal to each other. Then, such a state is reached in which the head of the viewer 1 3, 
the center of the Fresnel lens 2 and the center position between the light receiving 
devices 6, that is the boundary between the polarizing filter unit for the right eye 4 
and the polarizing filter unit for the left eye 5 are aligned, as shown in Fig. 8. 
Simultaneously, the stereo vision area 1 8, is moved to an appropriate position for the 
viewer to appreciate the stereo vision image. 
[0037] 

If the head is moved right towards the Fresnel lens 2, such that the image of the 
head has been moved right towards the Fresnel lens 2, the light receiving device 6 
lying rightwards towards the Fresnel lens 2 is receiving more light. So, the 
forward/reverse inverting driving circuit 10 of the back light position controller issues 
a command for causing movement of the back light 3 rightwards towards the Fresnel 
lens 2, whereby the back light 3 is moved rightwards towards the Fresnel lens 2. 
Simultaneously, the stereo vision area 18 also is moved to a proper position for the 
viewer to appreciate the stereo image. 
[0038] 

For causing movement of the light receiving devices 6 and the back light 3, 
such a method may be used which consists in retaining the back light by a wire 
wound about a pulley 19 of a motor 1 1 fitted with a speed reducer to cause movement 
of the back light 3, as shown in Fig. 9. 
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[0039] 

Instead of moving the back light 3 itself, the boundary position between the 
polarizing filter unit for the right eye 4 and the polarizing filter unit for the left eye 5 
may be shifted (polarized light back light system). In such case, the back light 3 
elongated in the left and right direction is used, and a number of strip-shaped 
Brewster angle variable type liquid crystals 20, as the variable Brewster angle devices 
capable of controlling the Brewster angle by voltage application, are arranged as the 
polarizing filter unit for the right eye 4 and the polarizing filter unit for the left eye 5, 
whilst light receiving devices are arranged on each strip-shaped Brewster angle 
variable type liquid crystal 20, as shown in Fig. 10. The polarizing filter unit for the 
right eye 4 and the polarizing filter unit for the left eye 5 are formed by applying the 
voltage to the Brewster angle variable type liquid crystals 20, so that, in case the 
image 21 of the head is formed as shown in Fig.l 1, the Brewster angles cross each 
other with the boundary A of the strip^shaped Brewster angle variable type liquid 
crystals 20 as the boundary. The polarizing filter unit for the right eye 4 and the 
polarizing filter unit for the left eye 5 are also formed by applying the voltage to the 
Brewster angle variable type liquid crystals 20, so that, in case the image 21 of the 
head is formed as shown in Fig. 12, the Brewster angles cross each other with the 
boundary B of the strip-shaped Brewster angle variable type liquid crystals 20 as the 
boundary. With this structure, the position of the light source illuminating the liquid 
crystal display device 1 can be changed by causing movement of the position between 
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the polarizing filter unit for the right eye 4 and the polarizing filter unit for the left eye 

5 without causing movement of the back light 3 itself. 

[0040] 

As a first modification of the liquid crystal display device, described above, a 
liquid crystal display device 1 1 configured as shown in Fig. 1 3 may be used. Referring 
to Fig. 13, a liquid crystal display device V includes a liquid crystal panel 14 and two 
polarizing filters 15', 16 1 arranged on both sides of the liquid crystal panel 14. The 
structure of the liquid crystal panel 14 is the same as described above. The two 
polarizing filters 15', 16 f are linear polarizing filters having the same plane of 
polarizations in their entirety, with the respective light plane of polarizations lying at 
right angles to each other. The polarizing filter 16' on the side back light 3 is fitted 
with half wave plates 22 every other horizontal line of the liquid crystal panel 14. 
These half wave plates 22 are arranged for radiating the light of the incident light is 
rotated 90°, as shown in Fig. 14. 
[0041] 

In Fig .15, the polarized light in the leftward ascending direction cannot traverse 
the polarizing filter line in the absence of the half wave plates 22. If these half wave 
plates 22 are provided, the polarized light in the leftward ascending direction is 
rotated 90° to prove the polarized light in the rightward ascending direction and hence 
can traverse the polarizing filter line. Conversely, the polarized light in the rightward 
ascending direction can traverse the polarizing filter line in the absence of the half 
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wave plates 22. If these half wave plates 22 are provided, the polarized light in the 
rightward ascending direction is rotated 90° to prove the polarized light in the 
leftward ascending direction and hence cannot traverse the polarizing filter line. The 
direction of polarization of the light which has just entered the polarization filter on 
the side back light 3 is unexceptionally in the rightward ascending direction so that 
the direction of polarization towards the viewer 13 may unexceptionally be in the 
leftward ascending direction to permit facilitated fabrication. 
[0042] 

As a second modification of the liquid crystal display device 1, described 
above, a liquid crystal display device 1 " configured as shown in Fig. 16 may be used. 
In Fig. 16, the liquid crystal display device 1" includes a liquid crystal panel 14 and 
two polarizing filters 15", 16" provided on both sides thereof. Although the liquid 
crystal panel 14 and the polarizing filter towards the back light 3 are similar in 
structure to those of the first embodiment, the polarizing filter towards the viewer 13 
is formed by a linear polarizing filter having the same plane of polarization over its 
entire surface. It should be noted that this plane of polarization is the same as the 
rightwardly ascending plane of polarization of the linear polarizing filter or as the 
leftwardly ascending plane of polarization of the linear polarizing filter on the side 
back light. In the lines of the polarizing filters 15", 16" having the sane direction of 
polarization, the driving condition (driving voltage) is set in a reverse fashion relative 
to each other. In the present second modification, the polarizing filters on the side 

28 



viewer 1 3 may be set to the same polarization direction over the entire surfaces, thus 

again enabling inexpensive fabrication. 

[0043] 

In the above-described first embodiment and in the above-described first and 
second embodiments, in which linear polarizing filters are used as the polarizing filter 
unit for the right eye 4 and the polarizing filter unit for the left eye 5, liquid crystal 
display devices 1, l 1 , 1" and the polarizing filters are of the linear polarization. 
However, circular polarization may be used in a similar manner to achieve similar 
favorable results. 
[0044] 

So, according to the present invention, the movement of the head of the viewer 
may be automatically followed in a manner as described above. Moreover, by 
controlling the position of the stereo vision area in meeting with the movements of 
the head of the viewer, the eye of the viewer may be positioned at all times in the 
stereo vision area so that a high precision stereo image can be viewed even in case the 
head of the viewer is deflected in the left and right direction. 
[0045] 

Second Embodiment 

The second embodiment is directed to liquid crystal display apparatus which 
is able to cope with movements in the up-and-down direction of the head and which 
is able to demonstrate a stereo image of high accuracy in a manner free from crosstalk 
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of the picture information. 
[0046] 

Fig. 17 is a longitudinal cross-sectional view schematically showing a typical 
configuration of a liquid crystal display apparatus embodying the present invention. 
[0047] 

First, the structure of the liquid crystal display apparatus is explained. At a 
preset distance from the back surface of a liquid crystal display device 23 is arrayed 
a Fresnel lens (not shown in Figs) formed of a convex lens operating as optical 
means. 
[0048] 

At a preset distance from the back surface of the Fresnel lens is arrayed a back 
light (not shown in Figs) as a light source for illuminating the liquid crystal display 
device 23 from its back side. On the front side of the back light, that is on the light 
illuminating side thereof, a polarizing filter unit for the right eye and a polarizing 
filter unit for the left eye are arranged on left and right sides of the center as a 
boundary. The polarizing filter unit for the right eye and the polarizing filter unit for 
the left eye are formed as linear polarizing filters having the direction of polarization 
extending at right angles to each other, here, with the rightward ascending plane of 
polarization and the leftward ascending plane of polarization, respectively. 
[0049] 

The liquid crystal display device 23 is of the light transmitting type and 
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includes a liquid crystal panel 14, a first polarizing filter 24 arranged on the side 
viewer of the liquid crystal panel 14 and a second polarizing filter 25 arranged on the 
inner surface towards the back light 3 of the liquid crystal panel 14. 
[0050] 

The liquid crystal panel 14 includes liquid crystals twisted 90°. If no voltage 
is applied across a pair of the orientation films, the incident light is radiated as rotated 
through 90° and, if voltage is applied across a pair of the orientation films, the 
incident light is directly radiated, without rotating the incident light. A protective film 
27 is formed on the inner surface of the first glass substrate 26, which is the one of 
the paired glass substrates directed to the viewer 13, that is a major surface thereof 
holding the liquid crystal. On the protective film 27 is formed a transparent electrode 
plate 28 formed of ITO. A color filter 32 is formed through a transparent protective 
layer 3 1 on the inner surface of the second glass substrate 31, which is the one of the 
paired glass substrates directed to the back light 3, that is on the major surface thereof 
holding the liquid crystal. On the major surface of the color filter 32 is formed a 
protective film 27 on which is formed a transparent electrode plate 28 of ITO. A 
plural number of half wave plates 30 are mounted on the second polarizing filter 
every other horizontal line of the liquid crystal panel 14. 
[0051] 

The first and second polarizing filters 24, 25 are linear polarizing filters having 
the same plane of polarization over the entire surfaces, with the two plane of 
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polarizations being set to a perpendicular direction relative to each other. Towards 
the second glass substrate of the second polarizing filter are annexed a plural number 
of half wave plates 30 every other horizontal line of the liquid crystal panel 14. These 
half wave plates 30 are adapted to emit the incident light as rotated thereof through 
90°, as shown in Fig. 14. 
[0052] 

In Fig. 1 5, the polarized light in the leftward ascending direction cannot traverse 
the polarizing filter line in the absence of the half wave plates 30. If these half wave 
plates 30 are provided, the polarized light in the leftward ascending direction is 
rotated 90° and prove the polarized light in the rightward ascending direction and 
hence can traverse the polarizing filter line. Conversely, the polarized light in the 
rightward ascending direction can traverse the polarizing filter line in the absence of 
the half wave plates 30. If these half wave plates 30 are provided, the polarized light 
in the rightward ascending direction is rotated 90° and prove the polarized light in the 
leftward ascending direction and hence cannot traverse the polarizing filter line. The 
direction of polarization of the light which has just entered the second polarizing filter 
is unexceptionally in the rightward ascending direction so that the direction of 
polarization first polarizing filter 24 may unexceptionally be in the leftward ascending 
direction to permit facilitated fabrication. 
[0053] 

On the other hand, the liquid crystal panel 14 of the liquid crystal display 
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device 23 is constructed and designed so that the picture information for the right eye 
and that for the left eye are alternately demonstrated every other horizontal line in 
agreement with the light transmitting lines of the first and second polarizing filters 24, 
25. 

[0054] 

In the present invention, the second polarizing filter 25 is arranged not on the 
outer side but within the liquid crystal display device 23. By arranging the second 
polarizing filter 25 not on the outer side but within the liquid crystal display device 
23, the liquid crystal material arranged within the liquid crystal panel 14 may be 
extremely proximate to the second polarizing filter 25, with the distance there 
between being diminished appreciably. 
[0055] 

The light incident on the second polarizing filter 25 is desirably incident in its 
entirety in a direction perpendicular to the polarizing filters. In actuality, however, 
there is the light incident from an oblique direction to the major surfaces of the 
polarizing filters. In this case, the light incident on the major surfaces of the 
polarizing filters from the oblique direction is incident not on the horizontal line of 
the liquid crystal panel 14 corresponding to the light incident position of the 
polarizing filters but on the horizontal line offset from the above-mentioned 
horizontal line. The result is that the image information on the line which inherently 
should not be visible enters the eye as it is superposed as cross-talk on the inherent 
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image information to render the image extremely difficult to view. It is noted that the 
deviation from the horizontal line on which the light should inherently fall becomes 
larger the longer the distance between the second polarizing filter 25 and the pixel in 
the liquid crystal panel 14. That is, by diminishing the distance between the 
polarizing filter on the side back light and the pixel, it is possible to prevent the image 
information on the line which inherently should not be visible from entering the eye 
as cross-talk by being superimposed on the inherent image information. This 
phenomenon occurs when the head of the viewer 13 is moved in the up-and-down, 
in which case the image information on the line which inherently should not be 
visible enters the eye as cross-talk by being superimposed on the inherent image 
information to render the image extremely difficult to view. 
[0056] 

So, according to the present invention, the second polarizing filter is arranged 
not on the outer side but within the liquid crystal display device 23, whereby the 
second glass substrate 29 may be eliminated from a space between the liquid crystal 
material arranged in the liquid crystal panel on one hand and the second polarizing 
filter 25 to provide for a shorter distance there between to establish an extremely 
proximate state. This prevents cross-talk of the image information even in case the 
head of the viewer is moved in the up-and-down direction, while enabling the viewer 
to see a high precision stereo view. 
[0057] 
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Moreover, since the present liquid crystal display device 23 includes the color 
filter 32, it is possible to transmit only the light of a preset wavelength as well as to 
create an image of a desired color. There is no particular limitation to the color filter 
32 such that any suitable known type of the color filter may be used. 
[0058] 

The liquid crystal display device may be fabricated as follows: 

[0059] 

First, the protective film 27 is formed on the inner major surface of a first glass 
substrate 26, as a substrate on the side viewer 13, that is on the major surface holding 
the liquid crystal, and a transparent electrode plate 28 of ITO is formed on the 
protective film 27. 
[0060] 

On the other hand, a linear polarizing plate, having the same plane of 
polarization on its entire surface, is bonded, as a second polarizing filter 25, on one 
major surface of the third glass substrate 3 1 , arranged between the first glass substrate 
26 as the viewer side substrate and the second glass substrate 29 as the back light side 
substrate. 
[0061] 

On this linear polarizing plate are bonded half wave plates 30 every other line 
of the liquid crystal panel 14. 
[0062] 
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Then, on the opposite side major surface of the third glass substrate 31, there 
is formed the protective film 27, and the transparent electrode plate 28 of ITO is 
formed on the protective film 27. 
[0063] 

The first glass substrate 26 and the third glass substrate 31 then are bonded 
together so that the respective transparent electrode 28 thereof face each other. The 
second glass substrate 29 then is bonded to the third glass substrate 29 so that the 
respective transparent electrode plates 28 face each other. The second glass substrate 
29 then is bonded to the major surface of the transparent protective layer 31 on the 
major surface of the transparent protective layer 31 carrying the half wave plates 30. 
[0064] 

The liquid crystal then is poured and sealed. On the front major surface of the 
first glass substrate 26, a linear polarizing plate, having the same plane of polarization 
on its entire surface, is bonded as the first polarizing filter 24, so that the Brewster 
angle of the first polarizing filter and that of the second polarizing filter will be at 
right angles to each other, to complete the desired liquid crystal display device 23. 
[0065] 

For forming the half wave plates 30, the following method may also be used. 
First, a half wave plate 29 of approximately the same size as the second glass 
substrate 29 is bonded on the second glass substrate 29, such as with lamination, and 
a mask having an opening every other horizontal line of the liquid crystal panel 14 is 
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superimposed on the second glass substrate 29. The resulting assembly is irradiated 
with e.g., te infrared laser. This locally heats the high molecular material of the 
portions of the half wave plates 30 irradiated with the laser light to a temperature not 
lower than the transition temperature to set up an amorphous state to eliminate the 
phase difference. So, the half wave plates 30 may be formed every other horizontal 
line on the liquid crystal panel 14. 
[0066] 

As a first modification of the liquid crystal display device 23, described above, 
a liquid crystal display device 23', configured as shown in Fig. 18, may be used. 
Referring to Fig. 18, the liquid crystal display device 23 1 is of the light transmitting 
type and includes a liquid crystal panel 14, a first polarizing filter 24' arranged on the 
side viewer 13 of the liquid crystal panel 14 and a second polarizing filter 25' 
arranged on the inner surface of the side back light 3 of the liquid crystal panel 14. 
The liquid crystal panel 14 includes liquid crystals twisted 90° in a pair of glass 
substrates. If no voltage is applied across a pair of the transparent electrode plates, 
the incident light is radiated as rotated through 90° and, if voltage is applied across 
a pair of the transparent electrode plates, the incident light is directly radiated, without 
rotating its polarization plane. 
[0067] 

A protective film 27 is formed on the inner surface of the first glass substrate 
26 f , which is the one of the paired glass substrates directed to the viewer 13, that is 
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on the major surface thereof holding the liquid crystal. On the protective film 27 is 
formed a transparent electrode plate 28 formed of ITO. A second polarizing filter 25' 
of the second one 29' of the paired glass substrates facing the back light 3 has a 
second polarizing filter 25' on its inner surface, that is on its major surface holding the 
liquid crystal. On the protective film 27 is formed the transparent electrode plate 28. 
[0068] 

The first polarizing filter is formed as a linear polarizing filter having the same 
plane of polarization over its entire surface. It should be noted that this plane of 
polarization is the same as the rightwardly ascending plane of polarization of the 
linear polarizing filter or as the leftwardly ascending plane of polarization of the 
linear polarizing filter on the side back light. 
[0069] 

The second polarizing filter 25 1 is formed by rightwardly ascending linear 
polarizing filter lines arranged in alternation with leftwardly ascending linear 
polarizing filter lines. 
[0070] 

In this case, the state of the transmitting light to the liquid crystal in case no 
voltage is applied across a pair of orientation films differs depending on the horizontal 
lines. That is, since there are a normal white mode and normal back mode, the 
driving condition (driving voltage) is set reversely with respect to the routine 
normally white mode for the line, for which the direction of polarization is the same 

38 



for both polarization filters 24', 25\ so that driving is performed in the normally black 

mode. 

[0071] 

In a first modification, the second polarizing filter 25 1 is formed by a layer 
containing a polarizing device. As the polarizing device, a lyotropic liquid crystal 
dichromic molecules may preferably be employed. The lyotropic liquid crystal 
dichromic molecules exhibit liquid crystal properties if the solvent is left and hence 
are oriented depending on the directly underlying layer of the dichromic molecules. 
When dried, the dichromic molecules are solidified in the crystal or amorphous state 
as this orientation is kept to exhibit the properties as the polarizing device. 
[0072] 

The liquid crystal display device 23' may be fabricated as follows: 

[0073] 

First, the protective film 27 is formed on the inner major surface, that is on the 
liquid crystal holding side major surface, of the first glass substrate 26 f , as a substrate 
on the side back light 3, and the transparent electrode plate 28 of ITO is formed on 
the protective film 27. 
[0074] 

Then, a solution for the orientation layer is coated on the inner major surface, 
that is on the liquid crystal holding side major surface, of the second glass substrate 
29\ A mask having openings in register with every other line is superimposed on the 
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major surface coated with an optically active solution for the orientation layer and 
light having an electrical field vector in a desired polarizing direction is illuminated 
for orientation. 
[0075] 

The mask is shifted in the up-and-down direction by one line and, as the 
substrate is rotated 90°, the light is illuminated to form an orientation layer. 
[0076] 

Moreover, using a polarizing device having the direction of polarization 
extending at right angles on the line basis, prepared in the course of fabrication of this 
substrate, as a mask, orientation processing may be achieved by non-polarizing 
lumped light exposure. 
[0077] 

If necessary, the orientation may be fixed by heating. 

[0078] 

As the material for the orientation layer, high molecular materials, such as 
polyvinyl alcohol, polyimide or poly aery late, may be used. Film forming may be by 
any suitable known methods, such as a spin coating method, a printing method or a 
casting method. An ultra-thin film, such as Langmuir project film or a self-organizing 
film, may be used. 
[0079] 

If the polarizing filter portion is formed in a split form, as described above, 
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such molecules that may become anisotropic on irradiation with linear polarized light 
and that exhibits liquid crystal orientation capability may preferably be used. It is 
possible to use optically active molecules that produce changes in orientation of the 
molecular axes by linear polarization, such as azobenzene or stilbernzene. 
[0080] 

As the method for orienting the orientation layer, thus formed, in a preset 
direction, the above-described optical orientation method is used if the polarizing 
filter portion is split. If it is unnecessary to split the polarizing filter portion, a rubbing 
method may preferably be used. The rubbing method, consisting in mechanically 
rubbing a high molecular resin film with e.g., a cloth, is conveniently used for 
orienting liquid crystals. The preset direction is such a direction in which the 
dichromic molecular layer, the orientation in which is induced by an orientation layer, 
exhibits the function as a preset polarizing optical device. 
[0081] 

As an alternative method, it is possible to provide a resin film layer having a 
liquid crystal orienting capability, such as polyimide, to coat it with a resist on the line 
basis to effect rubbing, to remove the resist, to coat the rubbed portion with a resist 
and to effect rubbing as the substrate is rotated 90°. 
[0082] 

The orientation layer, thus prepared, is coated with a solution of the density 
transition type liquid crystal dichromic molecules. Although gray pigments may be 
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used as this dichromic molecules, it is possible and desirable for the polarizing device 
to exhibit a color filter function by pattern coating a solution of density transition type 
liquid crystal dichromic molecules by printing. 
[0083] 

It is also possible to provide an adhesive layer on a preset substrate and to bond 
the adhesive layer on the dichromic molecular layer prepared at the outset on a 
separate substrate, with the substrate then being peeled off. 
[0084] 

The protective film 27 then is formed on the layer of the dichromic molecules 
and the transparent electrode plate 28 of ITO is formed on this protective film 27. 
[0085] 

The first glass substrate 26' and the second glass substrate 29' are bonded 
together so that the respective ITO transparent electrode plates 29 f face each other and 
the liquid crystal then is poured and sealed. A linear polarizing plate, having the same 
plane of polarization on its entire surface, is bonded, as the first polarizing filter 24', 
to the front major surface of the first glass substrate 26', so that the plane of 
polarization of the first polarizing filter 24 1 and the plane of polarization of the second 
polarizing filter 25' are at right angles to each other, to complete the desired liquid 
crystal display device 23\ 
[0086] 

On the above^nentioned orientation layer, solutions of red, green and blue 
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density transition type liquid crystal dichromic molecules are sequentially printed and 
dried in situ by a printing method or by a roll coating method to complete the liquid 
crystal display device 123 also having the color filter function. 
[0087] 

As a second modification of the liquid crystal display device, described above, 
a liquid crystal display device 23", configured as shown in Fig. 19, may be used. In 
Fig. 19, the liquid crystal display device 23" is of the light transmitting type and 
includes a liquid crystal panel 14, a first polarizing filter 24" arranged on the side 
viewer 13 of the liquid crystal panel 14 and a second polarizing filter 25" arranged 
on the inner surface of the side back light 3 of the liquid crystal panel 14. The liquid 
crystal panel 14 includes liquid crystals twisted 90° in a pair of glass substrates. If 
no voltage is applied across the transparent electrode plates, the incident light is 
radiated as its polarization surface is rotated through 90° and, if voltage is applied 
across the transparent electrode plates, the incident light is directly radiated, without 
rotating its incident light. 
[0088] 

A protective film 27 is formed on the inner surface of the first glass substrate 
26", which is the one of the paired glass substrates directed to the viewer 13, that is 
a major surface thereof holding the liquid crystal. On the protective film 27 is formed 
a transparent electrode plate 28 formed of ITO. On the inner surface of the second 
glass substrate 29", as the back light side substrate of the paired glass substrates, that 
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is on the major surface of the liquid crystal holding side, a second polarizing filter 25" 
is formed, on the major surface of which a quarter wave plate 33 is formed. On the 
quarter wave plate 33 are formed color filters 32, on which a protective film 27 and 
a transparent electrode plate 28 of ITO are formed. 
[0089] 

On the back light 3, not shown in Figs, there is arranged a quarter wave plate 
on the front sides, that is on the light radiating sides, of the polarizing filter for the 
right eye 4 and the polarizing filter for the left eye 5. Thus, the linear polarized light 
beams, emitted by the back light 3 and which traverse the polarizing filter unit for the 
right eye 4 and the polarizing filter unit for the left eye 5 in perpendicular directions 
to each other, are converted by a quarter wave plate into right rotating circular 
polarized light and into the left rotating circular polarized light which are 
perpendicular to each other. That is, the right rotating polarized light and left rotating 
circular polarized light, perpendicular to each other, are incident on the second 
polarizing filter. 
[0090] 

It should be noted that the second polarizing filter 25" is formed of a circular 
polarized light separating device. As this circular polarized light separating device, 
cholesteric liquid crystal, for example, may preferably be used. The cholesteric 
liquid crystals totally reflect the circular polarized light having the same spiral 
direction as the spiral direction, while transmitting only the circular polarized light of 
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the reverse direction. Thus, if the back light 3 is divided into the right circular 
polarized light and left circular polarized light for left and right eyes, it is possible to 
make separation on the lines of the liquid crystal panel 14. So, the second polarizing 
filter 25" is formed by alternately arraying the cholesteric liquid crystal having the 
different spiral directions every other horizontal line. Therefore, on a line formed by 
cholesteric liquid crystals having the right rotating spiral direction in the second 
polarizing filter 25", the right rotating circular polarized light is reflected to permit 
passage only of the left rotating circular polarized light. On the horizontal line 
formed by cholesteric liquid crystals having the left rotating spiral direction, the left 
rotating circular polarized light is reflected to permit passage only of the right rotating 
circular polarized light, and hence the cholesteric liquid crystals separate the light into 
the light for right eyes and that for left eyes. The light separated by the cholesteric 
liquid crystals, that is by the second polarizing filter 25", and transmitted, is converted 
by the quarter wave plate 33 into respective perpendicular linear polarized light. If 
the first polarizing filter 24" is formed by a linear polarizing filter having a plane of 
polarization on its entire surface coincident with the Brewster angle of one of the 
mutually perpendicular linear polarized light beams transmitted through the quarter 
wave plate 33, the driving form is similar to the first modification described above. 
[0091] 

The liquid crystal display device 23" may be prepared as follows: 

[0092] 
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First, the protective film 27 is formed on the inner major surface, that is on the 
liquid crystal holding side major surface, of the first glass substrate 26", as a substrate 
on the side viewer 13, and the transparent electrode plate 28 of ITO is formed on the 
protective film 27. 
[0093] 

On the inner major surface, that is on the liquid crystal holding side major 
surface, of the second glass substrate 29", as a substrate on the side back light 3, right 
or left rotating cholesteric liquid crystals are formed by printing or roll coating 
method every other horizontal line of the liquid crystal panel 14, as the second 
polarizing filter 25", to form a solidified cholesteric liquid crystal layer by adjusting 
the wavelength range of the reflected light so as to be uniform in the entire visible 
light range, for example, the wavelength range from 400 to 850 nm. In the horizontal 
line there between, left or right rotating cholesteric liquid crystals are provided. The 
sequence of providing the cholesteric liquid crystal layers may be reversed or 
concurrent as desired. 
[0094] 

The quarter wave plate 33 then is formed on the cholesteric liquid crystal layer. 

[0095] 

The color filters 32 then are formed thereon. 

[0096] 

The protective film 27 then is formed on the color filters 32 and the transparent 
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electrode plate 28 of ITO is formed on the protective film 27. 
[0097] 

The first glass substrate 26" and the second glass substrate 29" are bonded 
together so that the respective ITO transparent electrode 28 face each other and the 
liquid crystal then is poured and sealed. A linear polarizing plate, having the same 
plane of polarization on its entire surface, as the first polarizing filter 24", is bonded 
to the front major surface of the first glass substrate 26" to complete the desired liquid 
crystal display device 23". 
[0098] 

In the cholesteric liquid crystal layer, the circular polarized light in the 
direction opposite to the spiral direction is transmitted, whilst the circular polarized 
light of the same direction as the spiral direction is selectively reflected. That is, by 
adjusting the pitch of helix to adjust the wavelength corresponding to the product of 
the pitch of helix and the refractive index of the liquid crystal, the light of the entire 
wavelength in the visible range can be reflected to permit the use as a separating film 
and as a color filter. 
[0099] 

For example, the fact that the pitch of the cholesteric liquid crystals is changed 
appreciably with the temperature is exploited to heat the substrate carrying the 
cholesteric liquid crystals from its lower portion to create a temperature distribution 
in the up-and-down direction of the substrate. By employing corresponding masks, 
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the temperature distribution can be controlled to afford desired pitch values. By 
mixing a polymerization initiator of a suitable concentration, the state of the pitch can 
be fixed on light irradiation to form a selective wavelength transmission film. 
[0100] 

Thus, although separate color filters may be provided, as described above, 
mentioned above, a left rotating or right rotating cholesteric liquid crystal layer may 
be provided on the right rotating or left rotating spiral cholesteric liquid crystal line 
on the substrate which selectively transmits only e.g., red light by adjusting the pitch 
of helix. By providing lines by cholesteric liquid crystals sequentially transmitting 
green and blue, it becomes possible for the cholesteric liquid crystal layers to perform 
the role of the color filter simultaneously. 
[0101] 

The polarizing filter, playing the role of the color filter simultaneously, may 
e.g., be fabricated as follows: 
[0102] 

Preferably, a chiral nematic liquid crystal is used for this liquid crystal layer 
and only the chiral component accounts for the difference between right rotating and 
left rotating portions. These cholesteric liquid crystal layers are provided every other 
horizontal line and temperature distribution is created in the up-and-down direction 
from the lower substrate portion to create distribution in the selective transmission 
wavelength. When the transmitted light is red (wavelength: 600 to 700 nm), the 
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ultraviolet light is illuminated through a mask for photo-curing. When next the 
transmitted light is green, the ultraviolet light is illuminated through a mask for photo- 
curing. Similarly, when the transmitted light is blue, the ultraviolet light is 
illuminated through a mask for photo-curing. By providing the quarter wave plate, a 
polarized light separating substrate having the function of the color filter 
simultaneously may be produced. 
[0103] 

It is also possible to provide a cholesteric liquid crystal layer, playing the role 
of the color filter, laterally of the cholesteric liquid crystal layer used for separating 
the right rotating circular polarized light and the left rotating circular polarized light 
from each other. That is, referring to Fig.20, a first cholesteric liquid crystal layer 34 
is provided on the second glass substrate 29" for separating the right rotating circular 
polarized light and the left rotating circular polarized light from each other, and a 
second cholesteric liquid crystal layer 35 then is provided on the first cholesteric 
liquid crystal layer 34 for separating only the light of a specified wavelength. 
[0104] 

The first cholesteric liquid crystal layer 34 is formed by providing cholesteric 
liquid crystal layers of different spiral directions, specifically plural cholesteric liquid 
crystal layers having a right spiral direction and plural cholesteric liquid crystal layers 
having a left spiral direction, every other horizontal line, such that, on the on the right 
rotating spiral cholesteric liquid crystal lines, the right rotating circular polarized 
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light and the left rotating circular polarized light undergo total reflection, whilst only 
the left rotating circular polarized light and the right rotating circular polarized light 
are transmitted, respectively. 
[0105] 

The second cholesteric liquid crystal layer 35 forms a cholesteric liquid crystal 
layer, as a wavelength selective film, having the direction of helix opposite to that of 
the first cholesteric liquid crystal layer 34 and adapted for transmitting only the light 
of a specified color, that is the light of a specified wavelength. These cholesteric 
liquid crystal layers may be prepared similarly to those of the above-described 
embodiments. 
[0106] 

With the above-described structure, the first cholesteric liquid crystal layer 34 
is able to separate the light for the right eye and that for the left eye, whilst the second 
cholesteric liquid crystal layer 35 is able to separate the light for the left eye, so that 
the cholesteric liquid crystal layers alone form the polarizing filter which may be used 
simultaneously as the color filter 32. 
[0107] 

The method of arraying the above-described image separating function in 
proximity to the liquid crystal material is not limited to the typical method described 
above and may be applied to all sorts of the optical systems. For example, such a 

50 



structure may be used in which a second image separating mechanism is provided 
next to liquid crystal pixels and in which a first image separating mechanism is 
provided at a preset distance from the second image separating mechanism. The 
result is that the degree of freedom in viewer head movements is enhanced such that 
no cross-talk is produced even if the viewer's head is shifted in the up-and-down 
direction. Moreover, a stereo image of a higher precision may be viewed. By 
providing the second polarizing filter in proximity to the liquid crystal material, the 
second polarizing filter can be prepared in the course of the fabrication of the liquid 
crystal display device, so that the production cost can be appreciably lower than in the 
conventional external mounting system. 
[0108] 

By combining the first and second embodiments, it becomes possible to 
improve the degree of freedom un the viewer head movements both in the left-and- 
right direction and in the up-and-down direction. The result is that the viewer is not 
required to wear glasses or the like implement, while the viewer may enjoy a high- 
precision stereo image with an agreeable feeling since the viewer is not bound to the 
stereo image viewing enabling area. 
[0109] 

Referring to Figs.21, 22, the back light 3 may be arranged not in a parallel 
position but at an angle relative to the liquid crystal display device 23, the liquid 
crystal display device 23 being then irradiated with light from a plane mirror 36, with 
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the mirror 36 being collapsed in a container casing 37 during non-use time to reduce 
the size of the apparatus to realize space saving and improved portability. 
[0110] 

If, in such case, the Fresnel lens 3 is adapted for being slightly spaced apart 
from the liquid crystal panel 14 as a result of the opening movement of the mirror 36, 
it becomes possible to render the moire, otherwise produced due to the presence of 
grooves of the Fresnel lens 3 and the lattice of the liquid crystal panel 14, to be less 
obtrusive. If 5 moreover, a non-spherical mirror is used as the mirror 36, it becomes 
possible to eliminate the Fresnel lens 3 to eliminate the moire. 
[0111] 

[Effect of the Invention] 

In accordance with the present invention, as described above in detail, the 
movement of the user's head is detected and the position of the stereo vision may be 
controlled in keeping with the movement of the viewer's head in order to effect 
automatic correction such that the viewer's eye will be positioned at all times in the 
stereo vision area. So, the viewer is able to appreciate the high precision stereo image 
even in case the viewer's head is deflected in the left-and^ight direction. 
[0112] 

Moreover, according to the present invention, in which the image separating 
mechanism is mounted next to the pixels, cross-talk of the image information may be 
prevented from being produced. Thus, the degree of freedom of the movement of the 
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user's head may be improved so that the user is able to appreciate a high precision 
stereo image even if the viewer's heads is deviated in the up-and-down direction. 
[0113] 

By combining the above features, there may be provided a liquid crystal 
display apparatus in which the degree of freedom in the movement of the viewer's 
head is increased to enable the viewer to enjoy a high precision stereo image. 
[Brief Description of the drawings] 

Fig.l is a schematic plan view showing a liquid crystal display apparatus of a 
first embodiment of the present invention. 

Fig. 2 is a schematic view showing the structure of a back light position 
controller. 

Fig.3 is an exploded perspective view of the liquid crystal display apparatus. 
Fig .4 is a plan view showing a stereo vision area. 

Fig. 5 is a plan view for illustrating the relation of distance between the viewer, 
Fresnel lens and the back light when the viewer is viewing a 8.4 inch liquid crystal 
display screen. 

Fig.6 is a plan view showing the state in which an image of the head is evenly 
formed with respect to two light receiving devices. 

Fig. 7 is a plan view showing the state in which an image of the head is offset 
towards left towards the Fresnel lens with respect to two light receiving devices. 

Fig. 8 is a plan view showing the state in which the back light position has been 
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corrected from the state in which the image of the head is offset towards left towards 
the Fresnel lens with respect to two light receiving devices. 

Fig. 9 is a perspective view showing the state in which the back light is retained 
by a wire wound about a pulley of a motor fitted with a speed reducer. 

Fig. 10 shows a state in which a strip-shaped polarizing filters for right and left 
eyes are formed by a liquid crystal having a variable Brewster angle. 

Fig.l 1 shows a state in which a voltage is applied to the liquid crystal having 
a variable Brewster angle to change the boundary between the polarizing fillers for 
the right and left eyes to a position A. 

Fig. 12 shows a state in which a voltage is applied to the liquid crystal having 
a variable Brewster angle to change the boundary between the polarizing filters for 
the right and left eyes to a position B. 

Fig. 13 is an exploded perspective view of a liquid crystal display device of a 
first modification of the first embodiment of the present invention. 

Fig. 14 shows the polarized state on the half-wave plate. 

Fig. 15 shows the state of light incidence on the back light side polarizing filter. 

Fig. 16 is an exploded perspective view of a liquid crystal display device of a 
second modification of the first embodiment of the present invention. 

Fig. 17 is a schematic longitudinal cross-sectional view showing the liquid 
crystal display apparatus of a second embodiment of the present invention. 

Fig. 18 is a longitudinal cross-sectional view showing a liquid crystal display 
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device of a first modification of the second embodiment. 

Fig. 19 is a longitudinal cross-sectional view showing a liquid crystal display 
device of a second modification of the second embodiment. 

Fig. 20 is a longitudinal cross-sectional view showing a typical liquid crystal 
display device having the function as a color filter. 

Fig. 21 is a side view showing the opened state of a collapsible liquid crystal 
display apparatus according to the present invention. 

Fig. 22 is a side view showing the collapsed state of a collapsible liquid crystal 
display apparatus according to the present invention. 

Fig. 23 is a longitudinal cross-sectional view for illustrating the point light 
source system. 

Fig. 24 is a plan view showing a light source area in case a surface light source 
for a right eye is substituted fro a point light source in a point light source system. 

Fig. 25 is a plan view showing a light source area in case a surface light source 
for a right eye and a surface light source for a right eye are substituted fro a point light 
source in a point light source system. 

Fig. 26 is a plan view showing the state in which the light emitted from a back 
light is sorted by a line-based polarizing filter and subsequently falls on left and right 
eyes. 

Fig.27 is a perspective view showing the state in which the light emitted from 
a back light is sorted by a line-based polarizing filter and subsequently falls on left 
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and right eyes. 

Fig.28 is a plan view showing the state in which a surface light source is 
substituted for a point light source in a point light source system to form a 3D display 
apparatus. 

[Explanation of the Referenced Numerals] 

1 liquid crystal display device; 2 fresnel lens; 3 back light; 4 polarizing filter 
unit for a right eye; 5 polarizing filter unit for a left eye; 6 light receiving device; 7 
preamplifier; 8 amplifier; 9 differential amplifier; 10 forward/reverse inverting 
driving circuit; 1 1 motor; 1 2 infrared LED; 1 3 viewer; 14 liquid crystal panel; 1 5 first 
polarization filter; 16 second polarization filter 
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[Document Name] ABSTRACT 

[Summary] 

[Task] 

An object of the present invention is to provide a liquid crystal display 
apparatus in which a stereo image is not impaired and hence a high precision stereo 
image can be enjoyed even if the viewing position of the viewer is deviated slightly 
in the vertical and/or left and right directions with respect to the liquid crystal display 
surface. 

[Means for Solution] 

A liquid crystal display apparatus includes a liquid crystal display device 1 
having a liquid crystal panel 14, a first polarizing filter 15, arranged on the front 
surface of the liquid crystal panel 14 and a second polarizing filter 16 arranged on the 
back side of the liquid crystal panel 14. The liquid crystal display apparatus also 
includes a first light source 3 on the back side of the liquid crystal display device 1 , 
fixedly mounted on left and right sides of a polarizing filter unit for the right eye 4 
and a polarizing filter unit for the left eye 5, and an optical means 2 arranged on the 
back side of the liquid crystal display device 1 for collecting the illuminating light 
from the first light source 3 for illuminating the so-collected light on the liquid 
crystal display device 1 . The liquid crystal display apparatus also includes a second 
light source 12 arranged on the front side of the liquid crystal display device 1 for 
illuminating the light on the head of a viewer 13, and light receiving devices 6 
arranged on the front sides of the polarizing filter unit for the right eye 4 and the 



polarizing filter unit for the left eye 5 at a preset spacing from the front sides. 
Moreover, the liquid crystal display apparatus includes a position control unit for 
processing and comparing the volumes of the received light in the light receiving 
devices 6 to control the position of the first light source 3 in the left-and-right 
direction. 

[Selected Drawing] Fig . 1 
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